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Introduction {#sec001}
============

Human opisthorchiasis caused by the food-borne trematode, *Opisthorchis viverrini*, remains a major public health concern, especially in Southeast Asia \[[@pone.0226762.ref001],[@pone.0226762.ref002]\]. The fluke has been classified as a group 1 carcinogen \[[@pone.0226762.ref003]\]. In addition, chronic or recurrent infection with the parasite can cause hepatobiliary diseases such as hepatomegaly, cholangitis, cholecystitis, peri-ductal fibrosis, and gallstones and is associated with bile duct cancer (cholangiocarcinoma) \[[@pone.0226762.ref004]\]. Thus, early diagnosis and treatment of *Opisthorchis viverrini* infection may prevent the occurrence of these conditions. Diagnosis of opisthorchiasis is usually performed by microscopic observation of *Opisthorchis* eggs in feces. However, it is difficult to differentiate *O*. *viverrini* eggs from those of *Clonorchis sinensis* and the eggs of opisthorchiids from those of lecithodendriids (i.e., *Haplorchis taichui*, *Haplorchis pumilio*, and *Stellantchasmus falcatus*) and heterophyids (i.e., *Centrocestus caninus*, *Prosthodendrium molenkampi*, and *Phaneropsolus bonnei*) because of their morphological similarity \[[@pone.0226762.ref005]\]. In addition, microscopic examination for the presence of *O*. *viverrini* eggs requires specialized parasitologists working alongside well-trained laboratory technicians. Thus, there is a need for a simple methodology that offers rapid and efficient analysis of *O*. *viverrini* eggs and does not require the presence of trained professionals, thus making detection more feasible in local hospitals and clinics in remote regions of the developing world.

Optical imaging techniques, such as Raman spectroscopy, are capable of overcoming these limitations and have emerged as powerful clinical tools. Raman spectroscopy offers promising strategies for rapid, label-free detection of small analytes and biomarkers in clinically relevant matrices. Raman spectroscopy is a vibrational spectroscopic technique that can identify molecular species based on each molecule's specific fingerprints \[[@pone.0226762.ref006]\]. Over the past decades, Raman spectroscopy has been widely used in the biomedical research field as a valuable clinical tool for improving clinical diagnosis. It has been shown to effective in drug concentration mapping in polymeric matrices \[[@pone.0226762.ref007],[@pone.0226762.ref008]\] and tissues \[[@pone.0226762.ref009]--[@pone.0226762.ref011]\] and has also been used in the detection and diagnosis of a wide variety of diseases including cancers of the breast \[[@pone.0226762.ref012],[@pone.0226762.ref013]\], lung \[[@pone.0226762.ref014]\], skin \[[@pone.0226762.ref015]\], prostate \[[@pone.0226762.ref016]\], and bladder \[[@pone.0226762.ref017]\].

This study aimed to investigate the feasibility of using confocal Raman spectroscopy for rapid, label-free analysis of *O*. *viverrini* eggs obtained from hamster and human feces. As a result, a standardized methodology for Raman spectroscopic detection of *O*. *viverrini* eggs was developed. Raman bands of *O*. *viverrini* eggs were reported, which can be used as marker bands for rapid optical analysis of *O*. *viverrini* eggs in fecal specimens.

Materials and methods {#sec002}
=====================

Preparation of *O*. *viverrini* egg specimens {#sec003}
---------------------------------------------

Naturally infected cyprinid fish collected from a water reservoir (latitude 16.436346; longitude 102.887949, Amphur Muang, Khon Kaen Province, Thailand) were purchased from a local fish market in Khon Kaen, Thailand. No specific permission was required for sampling fishes in public locations. The dead fish were cut into small pieces, minced using a tissue homogenizer, blended with artificially digestive juice (0.25% pepsin (Sigma-Aldrich, St.Louis, MO), 1.5% HCl in 0.85% NaCl solution, NSS), and incubated in a shaking water bath at 37°C for 1 h \[[@pone.0226762.ref018]\]. No humane endpoint was used because only dead fish from a food market were used. The material suspension was serially filtered through 1,000-, 300-, and 106-mesh sieves. The material containing metacercariae retained on the 106-mesh sieve was washed several times with NSS through a 250-mesh sieve and collected in a sediment jar. The collected *Opisthorchis viverrini* metacercariae were examined and identified under a dissecting microscope, as previously described \[[@pone.0226762.ref001]\].

Five male 6- to 8-week-old Syrian golden hamsters, *Mesocricetus auratus*, average body weight 120 g, were obtained from the Animal Unit of Faculty of Medicine, Khon Kaen University. Each hamster were infected with 100 *O*. *viverrini* metacercariae by gastric intubation and reared in the Khon Kaen University Faculty of Medicine Animal Unit (Khon Kaen, Thailand). The study protocol was approved by the Animal Ethics Committee of Khon Kaen University (AEMDKKU 029/2018) and animal care was carried out in strict accordance with the recommendations laid out in the National Research Council of Thailand\'s Guide for the Care and Use of Laboratory Animals. The experiment was made to minimize pain and suffering to the animals and only fecal specimens were collected. Five male hamsters were housed under conventional conditions (12 hours dark-light cycles, temperature 25 ± 2°C), fed with a stock diet (Smart heart, Thailand) and given filtered bottled water *ad libitum*. The hamster health was observed daily and cage bedding changed twice a week. None of experimental hamsters showed serious illness or severe health problems during the study. No euthanized and killed animals were used only the fecal sediment containing *O*. *viverrini* eggs was collected. After finishing this study up, the hamsters were housed for eggs collection of other studies until the animals are expired.

After 3 months of infection, a 30 mg fecal sample from each hamster was collected and suspended in 10 ml of normal saline (0.85%in distilled water), vortex and added to Mini-Parasep^®^(Apacor, Berkshire, England). It was then centrifuged at 2,500 rpm for 5 min. The fecal sediment containing *O*. *viverrini* eggs was collected in a 1.5 ml micro-centrifuge tube for examination via Raman spectrophotometry.

For *O*. *viverrini* eggs from infected humans, the eggs were collected from leftover stool specimens of four opisthorchiasis patients who visited Srinagarind Hospital, Faculty of Medicine, Khon Kaen University, Khon Kaen, Thailand, the endemic area of human opisthorchiasis \[[@pone.0226762.ref001]\]. Fresh human fecal specimens were processed using the methods for processing hamster fecal samples, as outlined above. The fecal sediment containing eggs in normal saline solution was collected for examination via Raman spectroscopy. The study protocol was approved by the Khon Kaen University Ethics Committee for Human Research (HE611407). Informed consent was obtained from adult participants and from parents or legal gardians of minors.

Confocal Raman measurements {#sec004}
---------------------------

The configuration of the standardized experimental setup for Raman spectroscopic measurements of *O*. *viverrini* egg specimens is displayed in [Fig 1](#pone.0226762.g001){ref-type="fig"}. Briefly, 40 μL of an *O*. *viverrini* egg specimen was deposited onto a custom-made, quartz-bottom well (Esco Optics, Oak Ridge, NJ). Measurements were acquired with a saline buffer overlayer in order to keep the eggs in their hydrated aqueous environment during measurement using a Horiba Xplora confocal Raman microscope (Horiba Jobin Yvon, Northampton, UK) integrated with white-light video imaging. Each *O*. *viverrini* egg was first located though integrated white-light imaging using a 50X long-working distance objective lens (LMPLFL50X, Olympus, St. Joseph, MI) before the Raman measurements were acquired. Then, a Raman measurement of the egg was taken using an excitation source of 785 nm. Near-infrared excitation was used to minimize specimen overheating and autofluorescence. Raman spectra were recorded using LabSpec 6 software (Horiba Scientific, Edison, New Jersey) with 3 accumulations, each with an acquisition time of 60 seconds.

![Experimental setup for confocal Raman analysis of *Opisthorchis viverrini* eggs in fecal specimens.\
A fecal specimen containing *O*. *viverrini* eggs was dropped onto a quartz-bottom well. Confocal Raman measurements of each *O*. *viverrini* egg were acquired while the saline overlayer remained in place.](pone.0226762.g001){#pone.0226762.g001}

Raman spectral processing {#sec005}
-------------------------

Processing of the acquired Raman spectra was conducted using LabSpec 6 software (Horiba Scientific) and MATLAB (MathWorks, Natick, MA). After each acquisition, the Raman peak locations of each acquired spectrum were immediately identified using LabSpec 6 software. Raw spectral data were also exported into Matlab for further processing. In Matlab, Raman spectra were background subtracted by a polynomial fitting routine. Next, each spectrum was normalized by its mean intensity over all wave numbers and smoothed using a Savitzky-Golay filter (12 point, degree 2).

Results {#sec006}
=======

*Opisthorchis viverrini* eggs from the fecal specimens of all infected hamsters appeared to have similar Raman spectral peaks ([Fig 2](#pone.0226762.g002){ref-type="fig"}). The averaged Raman spectra of 10 *O*. *viverrini* eggs from each infected hamster showed little variability, consisting mainly of three Raman bands. The Raman spectra of *O*. *viverrini* eggs from fecal specimens of four human subjects showed similar peaks as those of the infected hamsters (Figs [3](#pone.0226762.g003){ref-type="fig"} and [4](#pone.0226762.g004){ref-type="fig"}). That is, *O*. *viverrini* eggs from feces of both hamster and human subjects possessed three major Raman peaks locating at roughly the same wavenumber. The locations of these peaks are summarized in [Table 1](#pone.0226762.t001){ref-type="table"}. Minimal intra- and inter-subject variability in these Raman bands were seen, as indicated by the relatively small standard deviations in the values of the peak locations observed. This demonstrates that these characteristic Raman bands can be used as marker bands to optically detect the presence of *O*. *viverrini* eggs.

![Averaged Raman spectra of *O*. *viverrini* eggs from the feces of each infected hamster.\
The averaged Raman spectra are shown (A) along with a representative microscope image of an *O*. *viverrini* egg from each infected hamster taken with a Raman integrated white-light imaging camera (B). The solid lines and shaded areas represent means and standard deviations of the measurements (n = 10), respectively.](pone.0226762.g002){#pone.0226762.g002}

![Averaged Raman spectra of *O*. *viverrini* eggs from the feces of human subjects.\
The averaged Raman spectra are shown (A) along with a representative microscope image of an *O*. *viverrini* egg from each patient (B). The solid lines and shaded areas represent means and standard deviations of the measurements (n = 7, 5, 6, 6 for human subjects 1 to 4, respectively).](pone.0226762.g003){#pone.0226762.g003}

![Comparison of averaged Raman spectra of *O*. *viverrini* eggs from the feces of hamster (n = 50) and of human subjects (n = 24).\
The solid lines and shaded areas represent means and standard deviations of the measurements (n = 50 for hamster and n = 24 for human).](pone.0226762.g004){#pone.0226762.g004}

10.1371/journal.pone.0226762.t001

###### Summary of characteristic Raman peak locations of *O*. *viverrini* eggs obtained from the fecal specimens of 5 hamsters and 4 human subjects.

Each number represents an averaged peak location ± standard deviation.

![](pone.0226762.t001){#pone.0226762.t001g}

  Subject                ID                     n                  Raman peak locations (cm^-1^)                      
  ---------------------- ---------------------- ------------------ ------------------------------- ------------------ ------------------
  Hamster                1                      10                 1266.98±3.52                    1326.26±2.05       1483.48±1.29
  2                      10                     1268.72±2.81       1324.16±2.90                    1482.40±1.5        
  3                      10                     1271.42±1.80       1325.25±1.94                    1482.49±1.62       
  4                      10                     1268.31±3.43       1325.89±2.25                    1483.9±1.12        
  5                      10                     1269.28±3.37       1325.77±2.38                    1482.91±1.32       
  **Total average±SD**   **50**                 **1268.94±3.27**   **1325.52±2.37**                **1483.04±1.44**   
  Human                  1                      7                  1267.07±5.39                    1324.01±2.29       1484.61±0.51
  2                      5                      1265.06±0.83       1324.67±3.30                    1483.21±2.27       
  3                      6                      1264.20±1.67       1323.85±1.67                    1483.17±1.40       
  4                      6                      1264.39±1.32       1320.66±1.71                    1480.14±0.79       
                         **Total average±SD**   **24**             **1265.25±3.18**                **1323.27±2.64**   **1482.84±2.11**

To confirm whether these Raman features belonged to *O*. *viverrini* eggs and were distinct from the Raman bands of the surrounding environment, lateral (XY-direction) and depth (Z-direction) scanning were performed. [Fig 5](#pone.0226762.g005){ref-type="fig"} shows that the Raman spectra at different locations within an *O*. *viverrini* egg were similar and possessed the three characteristic Raman features.These characteristic Raman bands of the *O*. *viverrini* egg were not present outside the egg boundary (i.e., within the region around the egg containing fecal debris). [Fig 6](#pone.0226762.g006){ref-type="fig"} displays a set of Raman depth scans of an individual *O*. *viverrini* egg from the saline overlayer into the egg and the underlying quartz slide. Within the saline overlayer, none of the spectral features of the egg was observed. The Raman features of the egg immediately appeared as the focal position moved down into the egg and disappeared again as it moved into the underlying quartz material, suggesting that the Raman bands of the *O*. *viverrini* egg were distinct from those of the saline and quartz material. These findings confirmed that the three Raman bands of *O*. *viverrini* eggs found in this study can be used effectively as marker bands for the label-free Raman analysis of *O*. *viverrini* eggs in fecal specimens.

![Lateral Raman scanning of an individual *O*. *viverrini* egg.\
(A) Raman spectra were taken at different spots, as shown in (B), within an *O*. *viverrini* egg vs. outside the egg boundary, i.e., within the region containing fecal debris. Spectra were offset for clarity of presentation.](pone.0226762.g005){#pone.0226762.g005}

![Depth scanning spectra of a representative *O*. *viverrini* egg.\
The egg was scanned from the saline overlayer through the egg and into the supporting quartz material with a 20 μm increment. Spectra were offset for clarity of presentation.](pone.0226762.g006){#pone.0226762.g006}

Discussion {#sec007}
==========

The egg sizes and shapes of *O*. *viverrini* and other minute intestinal fluke are very similar and have limitations for diagnosis by using a stool examination with light microscope. Supportive tools for differentiation of *O*. *viverrini* eggs can be performed by the potassium permanganate staining method \[[@pone.0226762.ref001],[@pone.0226762.ref019]\] and by using a scanning electron microscope \[[@pone.0226762.ref005],[@pone.0226762.ref020]\]. To solve the pitfalls of the microscopic method, various sensitive and specific molecular methods have been applied such as a real-time polymerase chain reaction (PCR) assay \[[@pone.0226762.ref021]\] and PCR assay and pyrosequencing \[[@pone.0226762.ref022]\].

In the present study, we have created and applied a label-free optical methodology for the analysis of *O*. *viverrini* eggs in fecal specimens using confocal Raman spectroscopy. Each individual *O*. *viverrini* egg from the fecal specimens of 5 infected hamsters and 4 infected human subjects possessed similar Raman vibrational bands, demonstrating minimal intra- and inter-subject variability. In addition, lateral (XY-direction) and depth (Z-direction) scanning results confirmed that these characteristic Raman bands were distinctive to *O*. *viverrini* eggs and were clearly distinct from the Raman bands of the surrounding sludge and the quartz material. This demonstrates that the Raman bands of *O*. *viverrini* eggs reported in the present study are characteristic and can be readily used as effective marker bands for the analysis of *O*. *viverrini* eggs in fecal environments.

The Raman spectroscopic methodology presented is promising as a label-free technique \[[@pone.0226762.ref023]\] that can be used to rapidly examine *O*. *viverrini* eggs without the need of a well-trained professional. This can lead to a reduction in the number of well-trained microscopists required, thereby reducing overall examination time and expense. Moreover, this methodology can be extended and applied to the examination of other types of fluke eggs, including those of other minute intestinal flukes (i.e., lecithodendriid and heterophyid eggs), which are similar in both size and shape and are indistinguishable from one another though routine stool examination under a light microscope. Thus, the proof-of-principle methodology developed here could enable the analysis of different types of fluke eggs in a label-free manner, eliminating human bias and error and contributing to improvements in overall prognostic outcomes of parasitic infections.

We wish to acknowledge the support of the English Consultation Clinic at the Khon Kaen University Faculty of Medicine Research Affairs Division and the Khon Kaen University Publication Clinic at the Research and Technology Transfer Affairs Division for their assistance in English editing.
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The MS by Chuchuen and others presented an interesting alternative for the diagnosis of Opisthorchis eggs, an important task in endemic areas using the microscopy to differentiate from others common trematodes occurring in the same region. However, there are some points to be clarified and important suggestions by the reviewers which are critical to assure the quality of the results and to improve the quality of the study; improving the controls of the experiments, add a blind test comparison by different microscopists, and use samples from human naturally infected. Also, I may suggest a revision on the usage of certain terminology eg.: in the lInes 160-161 it is stated the profile of the eggs are \"unique\", but there are no tests shown using others helminthes eggs and protozoa oocists to make this statement, also \"in situ\" or \"noninvasive\" (line 183 and in other passages) should be carefully checked.

Reply: The objective of this study was to investigate the feasibility of Raman spectroscopy for rapid, label-free detection of liver fluke eggs in fecal specimens. As a proof-of-concept study, O. viverrini eggs obtained from hamster and human feces were to demonstrate the promising capability eggs liver group of chosen as a reprentative of Raman spectroscopy for this application. Our goal was to report a set of Raman marker bands of O. viverrini eggs that could be used to identify the eggs in feces by the Raman spectroscopic technique. Thus, the control of this study consisted of the Raman spectra of the fecal debris around O. viverrini eggs. Results confirmed that the Raman bands of O. viverrini eggs found were different from those of the surrounding fecal debris (see Fig 5). Clearly, the analysis of others helminthes eggs and protozoa oocysts is very useful and will be an interesting topic for our follow up studies.

This study was conducted in a blind manner. The specimens were observed by two groups of observers. One group consisted of parasitologists who prepared and collected O. viverrini eggs, while the other group consisted of Raman microscopists who ran the Raman spectroscopic experiments and investigated the Raman spectra.

We appreciate your comments about using human naturally infected O. viverrini eggs in the study. As per your suggestion, we acquired O. viverrini eggs from fecal specimens of four patients and ran additional Raman experiments to obtain Raman spectral data of those human O. viverrini eggs. The results are now presented in the new Figures 3 and 4 and lines 142-146 in the Results section. The peak locations of the Raman spectral bands of human O. viverrini eggs were included in the revised Table 1. Please note that the methods of human specimen acquisition and preparation were included in lines 102 to 109 in the Materials and Methods section.

As for your additional comments, we have deleted the word "unique" and revised the statement. This revision can be seen in the revised manuscript. In addition, we realized that the use of "in situ" and "noninvasive" might not be suitable for our contexts of work here. We deleted the word "in situ" from the entire manuscript. As for the "noninvasive" word, we realize that we used both "non-invasive" and label-free", making it too redundant. In fact, "label-free" would be a more suitable word and sufficient to define our technique here. Therefore, we deleted "noninvasive" throughout the manuscript, but have remained to use "label-free" to describe our methodology.

Reviewer \#1:

Authors' purposes, in this manuscript, is to "develop a label-free methodology for in situ identification of O. viverrini eggs using non-invasive Raman spectroscopy". The manuscript seems to me well written, well riding. However, I am not an English native for a good language revision.

Reply: Thank you very much for the positive comments.

Global comments: Authors have choice an interesting, relevant and pertinent diagnosis suggestion. They need to be stimulated to go on working on the field. However, in my point of view, manuscript evidences three main concerns:

1\) Lack of information related with the diagnostic value of faecal microscopic examination and its accuracy (specificity and sensitivity; false negatives? etc.);

Reply: The objective of this proof-of-concept study was to demonstrate the promising capability of Raman spectroscopy for label-free identification of O. viverrini eggs in hamster and human feces. Clearly, follow-up studies are needed to observe the diagnostic value and accuracy of our Raman spectroscopic technique vs. the traditional faecal microscopic examination for identification of different types of parasitic eggs.

2\) No data related with marker bands for Clonorchis sinensis and other eggs of Opisthorchis's derived from Raman spectroscopy application

Reply: Our goal was to demonstrate that Raman spectroscopy is a promising technique for detecting liver fluke eggs. Eggs of O. viverrini were chosen as a representative group of liver fluke eggs to develop our technique and demonstrate our proof-of-principle methodology. Clearly, the Raman spectroscopic analysis of Clonorchis sinensis and other eggs of Opisthorchis is very useful, and will be a topic for our follow up analysis.

3\) Finally, this manuscript describes results obtained with faecal samples of experimental infection in Hamsters. Why authors do not use faecal human samples? Validate their results with human samples seems to me crucial.

Reply: We acquired O. viverrini eggs from fecal specimens of 4 human subjects and conducted a new set of additional experiments to acquire Raman spectra of those human-derived O. viverrini egg. The results are now presented in the new Figures 3-4 and the revised Table 1 (lines 142-146). The new results demonstrated close similarity between the Raman spectral bands of O. viverrini eggs derived from hamster and human, confirming that this methodology can be applied to detect O. viverrini eggs in human feces.

4Specific comments: The manuscript describes an innovative and interesting technique. In My Point Of View, now, the manuscript is not in good shape for publication.

Reply: We appreciate the very helpful comments of the reviewer. We have responded to the suggestions for revisions of our original manuscript, and believe that the revised version of the manuscript has satisfactorily addressed them and, in so doing, has provided a more complete presentation of our study.

Reviewer \#2:

This manuscript entitled Rapid label-free identification of Opisthorchis viverrini eggs in fecal specimens using confocal Raman spectroscopy presents an originality to apply new technology to solve the problem in differential identification of Opisthorchis viverrini-, Clonorchis sinensis-, O. felineus- and intestinal minutes eggs in fecal sample. This will be rapid and really useful for assessment of actual epidemiology, prevention and control.

However, there are still the major points that need to be addressed by the authors regarding the comments below.

The major concerning:

1\. Authors need to include other opisthorchiidae eggs, C. sinensis and O. felineus, and species confirm intestinal minutes in this manuscript. As mentioned by the authors that "The averaged Raman spectra of 10 O. viverrini eggs from each infected hamster showed little variability, revealing three unique Raman bands specific to O. viverrini eggs." (L130-132), it is too early because there is no the spectrum of other opisthorchiidae and intestinal minutes eggs to confirm.

Reply: We appreciate that the reviewer pointed this to us. We realized that the original statement was misleading. Therefore, instead of saying that the three Raman bands were unique to O. viverrini eggs, we revised the statement to say that the O. viverrini eggs consisted of three Raman bands. The revised statement can be seen in lines 140-142 in the revised manuscript. We agree that it is too early to conclude that these bands are unique to O. viverrini eggs since there are no data from other eggs shown in this manuscript. Again, we note that our intent for this proof-of-principle study has been to demonstrate application of our new methodology based on Raman spectroscopy by applying it to detect a type of fluke egg, O. viverrini. Currently, we are applying our developed methodology to measure other opisthorchiidae eggs and minute intestinal fluke eggs. The results will be presented in our follow up report.

2\. Moreover, authors may blind the egg samples and then send to 2-3 microscopic examiners and the ramen spectroscopy for evaluation of reliability, sensitivity and specificity between two techniques.

Reply: This study was conducted in a blind fashion in which the specimens were observed by two groups of observers. The first group consisted of parasitologists who prepared O. viverrini eggs, while the second group consisted of Raman microscopists who ran the Raman spectroscopic experiments, examined the Raman spectra, and analyzed the spectral data.

3\. Authors should plan to include eggs from human subject to confirm that it can be used in the human.

Reply: Per the reviewer's recommendation, we have run a new set of additional experiments to obtain Raman spectral data from human fecal specimens. The results are now included in the revised manuscript in the new Figures 3 and 4. The new results suggested close similarity between the Raman spectral peaks of O. viverrini eggs in fecal specimens of hamster and human, confirming that the methodology can be applied for detection of O. viverrini eggs in the human.

Again, we appreciate the effort and very helpful feedback and suggestions from the reviewers for improving the manuscript. We believe our revisions have satisfactorily addressed these concerns and that the revised manuscript presents a clearer, more scientifically complete presentation of our methodology. Again, thank you for your time and input. We look forward to your review of this revised manuscript.

Sincerely,

###### 

Submitted filename: Point by point Responses to Reviewers.docx

###### 

Click here for additional data file.

10.1371/journal.pone.0226762.r003
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19 Nov 2019

PONE-D-19-17696R1

Rapid label-free identification of Opisthorchis viverrini eggs in fecal specimens using confocal Raman spectroscopy

PLOS ONE

Dear Dr. Maleewong,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

==============================

The revised MS by Chuchuen and others improved several aspects as suggested by the reviewers. However, an important point was addressed by Reviewer 3, which should be adequately addressed.

=============================

We would appreciate receiving your revised manuscript by Jan 03 2020 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Marcello Otake Sato, Ph.D., D.V.M.

Academic Editor

PLOS ONE

Additional Editor Comments (if provided):

The revised MS by Chuchuen and others improved several aspects as suggested by the reviewers. However, an important point was addressed by Reviewer 3, which should be adequately addressed.

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#2: All comments have been addressed

Reviewer \#3: (No Response)

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#2: Yes

Reviewer \#3: Partly

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#2: N/A

Reviewer \#3: N/A

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#2: Yes

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#2: Yes

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#2: (No Response)

Reviewer \#3: I found the aim of the study to be interesting and Raman confocal spectroscopy to be an extremely useful tool to identify Opisthorchis viverrini eggs in fecal samples of patients with human opisthorchiasis. There is a need for a reliable diagnostic tool to solve the diagnosis problems in opisthorchiasis since O. viverrini and small intestinal flukes share the same endemic area and are very similar in size and shape and cannot be clearly differentiated under light microscope. The manuscript is very clear and easy to read, although I am not an English native. The contribution of this work to the diagnosis of Opisthorchis viverrini infection would be essential to prevent adverse outcomes related to O. viverrini infection and even cholangiocarcinoma.

Mayor comments:

This paper is probably publishable as it is if the word "identification" in the title is changed to a more suitable one that does not imply that by performing Raman confocal spectroscopy on fecal eggs would lead to O. viverrini diagnosis. Therefore "Rapid label-free analysis of Opisthorchis viverrini eggs in fecal specimens using confocal Raman spectroscopy" is suggested for the manuscript. Otherwise, mayor revision is recommended to corroborate the identification of the O. viverrini eggs and the following issues should be addressed:

1\) The correct diagnosis of Opisthorchis viverrini infection depends on the unequivocally identification of the O. viverrini eggs in fecal samples of the infected patients, which are difficult to differentiate from other parasites with similar morphological features. In order to develop a methodology that overcomes this issue, the authors need to perform Raman spectroscopy of other intestinal flukes that are difficult to differentiate morphologically from those of O. viverrini. Authors should discuss the tentative peak assignments for the main peaks observed in the spectral profile of O. viverrini and the reason they would not expect those peaks to be present in the other intestinal flukes.

2\) Given the fact that O. viverrini eggs are difficult to differentiate morphologically from other Opisthorchis-like eggs, it would be of a great value to perform a specific method to validate that authors performed Raman analysis of the O. viverrini eggs.

Minor comments:

1\) Authors used normal saline and then centrifugation/filtration to concentrate O. viverrini eggs from fecal samples. Please specify if human fecal samples were fresh or preserved before processing.

2\) Line 80, the phrase "Opisthorchis viverrini metacercariae of were examined and identified under a dissecting microscope" should be revised.

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#2: No

Reviewer \#3: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.

10.1371/journal.pone.0226762.r004

Author response to Decision Letter 1

30 Nov 2019

Dear Editor,

Please find attached a revised version of our manuscript, "Rapid label-free analysis of Opisthorchis viverrini eggs in fecal specimens using confocal Raman spectroscopy", in submission to PLOS ONE. We very much appreciate the careful review and helpful suggestions of the reviewers. In this revised manuscript, we have responded to the comments and suggestions regarding our submission and hope that you find the manuscript improved. Below, we have included our responses to the comments presented by the reviewers.

Additional Editor Comments (if provided):

The revised MS by Chuchuen and others improved several aspects as suggested by the reviewers. However, an important point was addressed by Reviewer 3, which should be adequately addressed.

Reply: We have revised the manuscript to address the comments raised by Reviewer 3. Please see the revised manuscript and our responses to the reviewer's comments below.

Reviewer \#2: (No Response)

Reviewer \#3: I found the aim of the study to be interesting and Raman confocal spectroscopy to be an extremely useful tool to identify Opisthorchis viverrini eggs in fecal samples of patients with human opisthorchiasis. There is a need for a reliable diagnostic tool to solve the diagnosis problems in opisthorchiasis since O. viverrini and small intestinal flukes share the same endemic area and are very similar in size and shape and cannot be clearly differentiated under light microscope. The manuscript is very clear and easy to read, although I am not an English native. The contribution of this work to the diagnosis of Opisthorchis viverrini infection would be essential to prevent adverse outcomes related to O. viverrini infection and even cholangiocarcinoma.

Major comments:

This paper is probably publishable as it is if the word "identification" in the title is changed to a more suitable one that does not imply that by performing Raman confocal spectroscopy on fecal eggs would lead to O. viverrini diagnosis. Therefore "Rapid label-free analysis of Opisthorchis viverrini eggs in fecal specimens using confocal Raman spectroscopy" is suggested for the manuscript. Otherwise, major revision is recommended to corroborate the identification of the O. viverrini eggs and the following issues should be addressed:

1\) The correct diagnosis of Opisthorchis viverrini infection depends on the unequivocally identification of the O. viverrini eggs in fecal samples of the infected patients, which are difficult to differentiate from other parasites with similar morphological features. In order to develop a methodology that overcomes this issue, the authors need to perform Raman spectroscopy of other intestinal flukes that are difficult to differentiate morphologically from those of O. viverrini. Authors should discuss the tentative peak assignments for the main peaks observed in the spectral profile of O. viverrini and the reason they would not expect those peaks to be present in the other intestinal flukes.

2\) Given the fact that O. viverrini eggs are difficult to differentiate morphologically from other Opisthorchis-like eggs, it would be of a great value to perform a specific method to validate that authors performed Raman analysis of the O. viverrini eggs.

Reply: We highly appreciate the helpful and insightful comments of the reviewer. The reviewer suggested that the word "identification" should be changed. If not changing it, then we should "corroborate the identification of the O. viverrini eggs" by addressing the two additional issues raised. We fully agree with the reviewer's opinion that the word "identification" is misleading and not really suitable to describe our technique presented here. Therefore, as suggested by the reviewer, we changed the word "identification" to other more appropriate words in order to provide a clearer, more accurate representation of our study. In the title we changed the word "identification" to "analysis", as suggested by the reviewer. In addition, the word "identification" was replaced by other more suitable words throughout the manuscript, as follows:

• The title was changed to: "Rapid label-free analysis of Opisthorchis viverrini eggs in fecal specimens using confocal Raman spectroscopy".

• The short title was changed to: "Analysis of Opisthorchis viverrini eggs using Raman spectroscopy".

• In the Abstract section, the words "identification" (lines 27 and 29) and identified (line 28) were changed to "analysis" and "reported", respectively.

• In the Introduction section, the words "identification" (lines 47, 61, and 64) and "identified" (line 63) were changed to "analysis" and "reported", respectively.

• The caption of Fig 1,"Experimental setup for identification of Opisthorchis viverrini eggs in fecal specimens" was changed to "Experimental setup for confocal Raman analysis of Opisthorchis viverrini eggs in fecal specimens".

• In the Results section, the word "identification" (line 184) was changed to " label-free Raman analysis".

• In the Discussion section, the word "identification" (lines 205 and 212) was changed to "analysis". Also, in line 215, the phrase "to rapidly and precisely identify O. viverrini eggs" was changed to "to rapidly examine O. viverrini eggs".

• In the Discussion, the statement "the proof-of-principle methodology developed here could enable the precise identification and differentiation of different types of fluke eggs in a label-free manner" (lines 221-222) was changed to "the proof-of-principle methodology developed here could enable the analysis of different types of fluke eggs in a label-free manner"

Again, we appreciate the very helpful and thoughtful suggestions from the reviewer. Our intention for this proof-of-principle study has been to demonstrate application of Raman spectroscopy to provide a label-free analysis of O. viverrini eggs. Currently, we are applying our developed methodology to measure other opisthorchiidae eggs and minute intestinal fluke eggs. The results will be presented in our follow up report.

Minor comments:

1\) Authors used normal saline and then centrifugation/filtration to concentrate O. viverrini eggs from fecal samples. Please specify if human fecal samples were fresh or preserved before processing.

Reply: The human fecal samples were fresh before processing. As per the reviewer's request, we have specified it in the text by adding a new sentence (lines 104-106): "Fresh human fecal specimens were processed using the methods for processing hamster fecal samples, as outlined above."

2\) Line 80, the phrase "Opisthorchis viverrini metacercariae of were examined and identified under a dissecting microscope" should be revised.

Reply: We apologize that our original statement was incomplete. To correct the statement and improve its clarity, we changed it to " The collected Opisthorchis viverrini metacercariae were examined and identified under a dissecting microscope, as previously described \[1\]." (lines 78-80).

Again, we appreciate the effort on the part of the reviewers in providing thoughtful feedback and suggestions for improving the manuscript. We believe our revisions have satisfactorily addressed them and that the revised manuscript provides a clearer, more complete presentation of our methodology. Again, thank you for your time and input. We look forward to your review of this revised manuscript.

Yours sincerely,

The authors

10.1371/journal.pone.0226762.r005
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Rapid label-free analysis of Opisthorchis viverrini eggs in fecal specimens using confocal Raman spectroscopy

PONE-D-19-17696R2

Dear Dr. Maleewong,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

With kind regards,

Marcello Otake Sato, Ph.D., D.V.M.

Academic Editor

PLOS ONE

Additional Editor Comments (optional):

The authors addressed all the suggestions of the reviewers improving consistently the MS.

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#3: All comments have been addressed

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#3: N/A

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#3: 1) Reference Zheng et al. (2017), pages must be corrected to 11-19.

2\) Reference Crow et al. (2003), pages must be corrected to 106-8.

3\) Please unify criteria about including the issue number.

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#3: No

10.1371/journal.pone.0226762.r006
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11 Dec 2019

PONE-D-19-17696R2

Rapid label-free analysis of *Opisthorchis viverrini* eggs in fecal specimens using confocal Raman spectroscopy

Dear Dr. Maleewong:

I am pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please notify them about your upcoming paper at this point, to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

For any other questions or concerns, please email <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE.

With kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Dr. Marcello Otake Sato

Academic Editor

PLOS ONE

[^1]: **Competing Interests:**The authors have declared that no competing interests exist.
